The pharmacokinetics of rufloxacin were investigated in normal subjects and in patients with various degrees of renal failure after the administration of a single oral 400-mg dose. Twenty-four subjects were classified by glomerular filtration rate (GFR) normalized for body surface area. Group 1 subjects had GFRs of >80 ml/min, group 2 subjects had GFRs from 30 to 80 ml/min, group 3 subjects had GFRs from 8 to 29 ml/min, and group 4 subjects had GFRs of <8 ml/min. The patients in group 4 were on continuous peritoneal dialysis or underwent hemodialysis 48 h after dosing. Plasma and urinary rufloxacin concentrations were determined by highperformance liquid chromatography. A two-compartment model was used to calculate rufloxacin pharmacokinetic parameters. Apparent total body clearance of the drug was linearly related to GFR (r = 0.696; P < 0.01). The elimination half-life increased proportionally with the severity of renal impairment, with values of 30 3, 36 5, and 44 3 h in groups 1, 2, and 3, respectively. In patients undergoing dialysis (group 4), the elimination half-life (27 -+ 4 h) was not significantly different form that of controls, probably because of the clearance effect of dialysis. The renal clearances of rufloxacin decreased linearly with the decrease in GFR (r = 0.842; P < 0.01). The 0-to 96-h cumulative urinary recoveries of rufloxacin were 33 3, 27 3, 14 + 2, and 1 ± 1% of the administered dose in groups 1, 2, 3, and 4, respectively. In patients with moderate renal failure, dosage adjustment of rufloxacin is not needed. The rufloxacin dose interval should be prolonged to 48 h as the GFR falls below 30 ml/min/1.73 M2.
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Rufloxacin is a new oral fluoroquinolone characterized by a broad spectrum of activity against gram-negative and gram-positive aerobic bacteria (4) . The antibacterial activity of rufloxacin is roughly comparable to that of norfloxacin in vitro (17, 24) and that of ciprofloxacin in vivo (21) . Pharmacokinetic studies in both healthy subjects (11, 13, 15, 25) and patients with lower respiratory tract infections (7, 22) showed that rufloxacin is eliminated slowly, with a plasma half-life (t4,2) of about 30 h. The drug penetrates well into most tissues (2, 14, 16, 25) , and because of its long t1/2, it can be used for once-a-day treatment of urinary (18) and respiratory (8) tract infections.
The aim of the present study was to determine the pharmacokinetics of rufloxacin following a single 400-mg oral dose in patients with various degrees of renal failure.
( Subjects. Twenty-four subjects (12 males and 12 females) with renal function ranging from normal to end-stage renal failure participated in the study, after informed written consent was obtained. They were divided into four groups according to their glomerular filtration rate (GFR) normalized for body surface area: group 1 subjects (n = 6) had GFRs of >80 ml/min, group 2 subjects (n = 6) had GFRs from 30 to 80 ml/min, group 3 subjects (n = 8) had GFRs from 8 to 29 ml/min, and group 4 subjects (n = 4) had GFRs of <8 ml/min. GFR was measured by determining 5'Cr-* Corresponding author.
EDTA clearance (5) . GFR estimations were not performed on patients in group 4 because they had progressed to end-stage renal failure and were on maintenance dialysis. Two were on hemodialysis (HD) and two were on continuous ambulatory peritoneal dialysis (CAPD). Three of them were anuric. The patients on HD were not dialyzed until 48 h following dosing, while the patients on CAPD continued their usual exchanges during the study without interruption. Initial creatinine clearance (CLCR) values were estimated by the equation of Cockroft and Gault (6) . Minor alterations in patients' usual medications were made in the study. Betablockers were withheld for 24 h prior to dosing and during the study period because of their potential effect on hepatic blood flow. Calcium carbonate, prescribed as a phosphatebinding agent, was also withheld in case it prevented the absorption of the test drug.
Procedure. The protocol of the study was approved by the Ethics Committee of Guy's Hospital. All subjects were confined to the Drug Research Unit of Guy's Hospital and were under continuous supervision from 12 h before drug administration until 96 h after the dose. Before entering into the study, volunteers underwent a complete screening visit including physical examination and medical history, hematology, plasma chemistry, urinalysis, blood and urine drug screening, and electrocardiogram. Blood and urine tests as well as electrocardiograms were performed predose and at 24 and 96 h postdose. Body temperature was obtained predose and at 96 h postdose. Standing and supine blood pressure and heart rate were measured predose and at 2, 4, 8, 24, 48, 72 , and 96 h postdose. All subjects fasted overnight before the study and for 4 h after rufloxacin administration. They were given a single oral dose of 400 mg of rufloxacin. Four hours after administration, all subjects had breakfast; thereafter, food and drink were allowed ad libitum. Blood Assays. Plasma and urine samples were analyzed by high-performance liquid chromatography (HPLC). The HPLC method used for assaying the serum samples employed a Hamilton 10-,u PRP1 column (150 by 4.1 mm; Anachem Ltd.). Detection was by fluorescence detection with excitation at 294 nm and with a 475-nm bandpass filter. The lower limit of sensitivity was 0.5 ,ug/ml. The intrarun (within-run) coefficient of variation was 3.3% for 2.5 ,ug/ml (n = 6) and 5.9% for 5 ,ug/ml (n = 5). The interrun (betweenrun) coefficient of variation was 2.4%. The HPLC method used for assaying the urine samples employed a Supelco 5-,u Suplex pKb-100 colUmn (150 by 4.6 mm; Supelchem U.K. Ltd.), and detection was by a fluorescence detector set to 294 nm and with a 550 nm longpass filter. The lower limit of sensitivity was 0.3 ,ug/ml. The intra-and interrun coefficients of variation were 2.2 and and 5.0% for 5 ,ug/ml, respectively.
Pharmacokinetic analysis. Pharmacokinetic parameters were calculated by fitting individual plasma concentration datum points for each subject to a two-compartment open model, with first-order input and elimination, corresponding to the following equation: Cp(t) = Ae-" + Be-t + Ce7kat, in which Cp(t) (in micrograms/per milliliter) is the estimated concentration of rufloxacin in plasma at time t, A is the zero time intercept of the distribution (a) phase, B is the zero time intercept for the elimination (1) phase, C is equal to -(A + B), and ka is the absorption rate constant. Data were weighted according to the inverse of the observed value squared. The two-compartment model was selected by using the Imbibo index (12) . Standard curve-stripping procedures were used to obtain initial estimates ofA, B, C, a, 1, and ka, while final estimates of the parameters were obtained by nonlinear least-squares regression analysis. Calculations were performed with the program TOPFIT (10) . The absorption t1/2 (t112a) was calculated as ln(2)/ka, the distribution t1/2 (t1/2a) as ln(2)/a, and the elimination t1/2 (t1/2p) as ln (2) 
RESULTS
There were no statistically significant differences in mean age, height, weight, or body surface area between the patients in the four renal function groups (Table 1) . Patients in renal function groups 1, 2, 3, and 4 had GFRs of 104 ± 6, 54 ± 7, 16 ± 3, and 0 ± 0 ml/min/1.73 m2, respectively.
CLCRs were 92 ± 9, 50 ± 4, 17 ± 5, and 8 -2 ml/min/1.73 m2 for the subjects in groups 1, 2, 3, and 4, respectively (Table 1 ). There was a strict linear relationship (r = 0.972; P < 0.01) between GFR and CLCRPharmacokinetics. Mean plasma rufloxacin concentrationversus-time curves for the four groups are shown in Fig. 1 . Mean pharmacokinetic parameters are listed in Table 2 . The values of t112a and Tmn did not change significantly between the four groups, indicating that the rate of absorption of the drug was not affected by renal function. The mean Cmn, was 4.29 ± 0.43 ,ug/ml in the control group and increased significantly to 6.76 ± 0.32 p,g/ml only in the group of patients on dialysis. The rate of distribution (t1/2a) of rufloxacin was not influenced by renal function, with the mean value being about 30 min. Varea/F was 104 ± 6 liters in controls and did not differ significantly in patients in groups 2 and 3. However, patients in group 4 had significantly lower values (69 ± 10 liters) compared with those for controls. The elimination of the drug was significantly influenced by renal function. CL/F decreased linearly (r = 0.696; P < 0.01) with the decrease in renal function (Fig. 2) . The mean t1/2 was 30 ± 3 h in normal subjects and increased to 36 ± 5 and 44 ± 3 h in subjects in groups 2 and 3, respectively. In group 4 patients, which included patients on dialysis, t1/2 (27 ± 4 h) did not change significantly from those for controls. Both AUCO96 and AUCO0 were increased by renal impairment. experienced nausea and vomiting, but symptoms were timerelated with the drug administration in only two of them. Other adverse effects were only of mild intensity, with no differences between the four groups. No significant changes in biochemical or hematological variables were observed after rufloxacin treatment. No drug crystals were found in any of the urine samples from the subjects. There was a significant linear relationship (r = 0.842; P < 0.01) between GFR and CLR. CLR passed from 17.1 ± 2.3 ml/min in control subjects to 0.1 ± 0.1 ml/min in patients in group 4. Maximum urinary rufloxacin concentrations decreased from 72.7 ± 8.5 jig/ml in control subjects to 1.9 + 1.9 ,ug/ml in group 4 subjects (8-to 12-h interval) ( Table 3 ). The 0-to 96-h cumulative urinary recoveries of rufloxacin were 33% ± 3%, 27% ± 3%, 14% ± 2%, and 1% ± 1% of the administered dose in groups 1, 2, 3, and 4, respectively. CLNR was not affected by the renal status of the patients.
Safety. Rufloxacin was generally well tolerated. The most common complaints during the study were headache and gastrointestinal disturbances. Three patients in group 3 
DISCUSSION
The pharmacokinetics of quinolones have been extensively studied in patients with impaired renal function (for reviews, see references 9 and 19). Quinolones that are excreted predominantly by the kidneys (ofloxacin) required dose reduction even in patients with moderate renal impairment (GFR, <50 ml/min). Quinolones cleared by both renal and hepatic mechanisms (norfloxacin, ciprofloxacin, enoxacin, fieroxacin, lomefloxacin, temafloxacin) need dose adjustment only in patients with severe GFR reductions (<30 ml/min). For quinolones cleared predominantly by the liver (pefloxacin, difloxacin), dose alteration is unnecessary even in patients with severe renal impairment.
The results of the present study indicate that rufloxacin elimination is substantially influenced by the status of renal function. The drug is slowly eliminated from the body. The mean t1123 in subjects with normal renal function was 30 h. Similar values after administration of a single dose were also observed in other studies with healthy subjects (11, 25 m2. Also, the low value of the CL/F of rufloxacin (45 ml/min in normal subjects) indicates a slow process of elimination of the drug. This value is calculated by assuming 100% rufloxacin bioavailability after oral administration. The oral bioavailability of rufloxacin in humans is not known. Studies in animals (rat, monkey) indicate that it is about 60 to 70% (23) . If it is also true that rufloxacin in humans is not completely absorbed after oral administration, the CL/F of rufloxacin in our study would be even lower. The CL/F decreased with the decrease in renal function up to values of about 30 ml/min in groups of subjects with renal impairment. The decrease in CL/F with decreasing renal function can be attributed primarily to a decrease in CLR since the apparent CLNR remained relatively unchanged. CLR was also very low (17 ml/min in control subjects). The plasma protein binding of rufloxacin is about 60%. This suggests that rufloxacin undergoes some renal tubular reabsorption. The renal recycling of rufloxacin may explain the very stable concentration of rufloxacin in urine over time observed in the present study. In subjects with normal renal function, mean concentrations in urine at 0 to 4 h after the dose were 29 ,ug/ml. At 12 to 24 h, the levels in urine were even higher (68 ,ug/ml). Three days after the drug administration, the concentrations of rufloxacin in urine were still about 20 ,ug/ml.
Rufloxacin absorption seemed to be unaffected by renal impairment. Although the point estimate of ka is not robust, peak concentrations in plasma occurred at about 3 h after drug administration in all groups. Although there were no significant differences in t112as between patients with renal impairment and controls, the very low power value for t112a implies that more data are needed to test whether this parameter in controls and in patients with renal impairment is statistically equivalent in the range of a 30% difference at a = 0.05. Conversely, there is a certain degree of confidence in stating that the Tmaxs for controls and patients with decreased renal function were not significantly different, since the power of detecting a 30% difference in the parameter was greater than 0.90.
The mean percentage of rufloxacin recovered in urine (33%) in subjects with normal renal function was in agreement with the results provided by other investigators (11, 25) . Urinary recovery of rufloxacin decreased with decreasing renal function, but concentrations of rufloxacin in urine for subjects in groups 1, 2, and 3 exceeded 10 ,ug/ml 24 h after drug administration (Table 3) . These concentrations are greater than the MICs for susceptible strains of Escherichia coli, Proteus spp., Neisseria gonorrhoeae, Morganella morganii, Kiebsiella spp., and Serratia marcescens (17, 24) .
Plasma drug levels and pharmacokinetic parameters for patients on CAPD and on HD were very similar. In comparison with controls, these patients had higher levels of rufloxacin in plasma (Cm.a, AUCO96, and AUC>O-,) and decreased CL/F. However, the tl/213 for patients on dialysis (27 ± 4 h) was not significantly different from that for controls. Consequently, their Varea/F (69 + 10 liters) was significantly reduced compared with that for controls (104 + 6 liters). The normal value of t1/2I could be due to the effect of dialysis procedures. Indeed, patients on CAPD continued their usual exchanges during the study without interruption and patients on HD started dialysis 48 h after rufloxacin administration, when the drug had not yet been eliminated by the body. Since an increase in the absorbed extent of the drug in these patients is unlikely, the increase in the AUC seems to be linked to the decrease in the Varea/F. However, the mechanism by which dialysis procedures induced this substantial decrease in Varea/F remains unclear.
From the results of our study, certain recommendations about the use of rufloxacin in patients with renal failure can be made. In patients with normal renal function, the usual dosage regimen of rufloxacin is 200 mg every 24 h, preceded by a loading dose of 400 mg (8, 18) . To maintain levels of drug in plasma similar to those in individuals with normal renal function, a substantial dosage schedule adjustment is not necessary in patients with moderate impaired renal function (GFR, >30 ml/min/1.73 m2). In patients with severe renal failure (GFR, <30 ml/min/1.73 m2), steady-state levels of rufloxacin in plasma in the same range as those in patients with normal renal function can be maintained by prolonging the dose interval up to 48 h.
In conclusion, rufloxacin clearance is significantly affected by renal function, with renal excretion being the primary route of removal. In patients with normal to moderate renal function, 400 mg of rufloxacin every 24 h provides therapeutic and well-tolerated concentrations in plasma. The frequency of rufloxacin administration should be prolonged to 48 h in patients with GFRs of less than 30 ml/min/1.73 M2.
